Objective: We sought to develop a risk scoring system for predicting functional deterioration, institutionalization, and mortality. Identifying predictors of poor health outcomes informs clinical decision-making, service provision, and policy development to address the needs of persons at greatest risk for poor health outcomes. Design: This is a cohort study with 21,257 community-dwelling Medicare beneficiaries 65 yrs and older who participated in the [2001][2002][2003][2004][2005][2006][2007][2008] Medicare Current Beneficiary Survey. Derivation of the model was conducted in 60% of the sample and validated in the remaining 40%. Multinomial logistic regression model generated β coefficients, which were used to create a risk scoring system. Our outcome was instrumental activity of daily living stage transitions (stable/improved function and functional deterioration), institutionalization, or mortality for 2 yrs of follow-up. Results: A total of 18 factors were identified for functional deterioration (P < 0.05). In the derivation cohort, the likelihood of functional deterioration ranged from 6.27% to 33.51%, risk of institutionalization from 0.07% to 12.13%, and risk of mortality from 2.13% to 31.83%, in comparison with stable/improved function. Conclusions: A risk scoring system predicting Medicare beneficiaries' risk of functional deterioration, institutionalization, and mortality based on demographic and clinical indicators may feasibly be developed with implications for healthcare delivery.
A ccording to the Institute on Medicine's report, "The Future of Disability in America," the growth of the elderly population in the United States will result in substantial increases in the number of persons living with disabilities. 1 By 2060, approximately a quarter of the US population will be 65 yrs and older. Medical advances have reduced the occurrence of fatal infectious diseases and their accompanying morbidity and mortality during the 20th century. The greatest burden of disease is now attributable to chronic conditions, often characterized by disability and functional decline, for which risk dramatically increases with age. In all, 19% of noninstitutionalized persons of all ages and approximately 38% of persons 65 yrs and older were disabled in 2010. 2 A key objective of care provision for aging persons is to prevent functional deterioration and promote independent living. Loss of the ability to carry out daily activities such as preparing food, managing finances, and telephone use is associated with increased care needs, reduced quality of life, morbidity, and mortality. 3 These activities, called instrumental activities of daily living (IADLs), require personal autonomy, decision-making, and navigation of the environment. As a result, in contrast to the more basic activities of daily living (ADLs), IADLs are often the first to decline indicating a need for enhanced care. 4 Conventionally, IADLs have been assessed by counts, which provide an indication of disability severity but fail to identify which specific activities are impaired. Lack of identification of specific activities hampers assessment of the burden of illness as well as incorporation of adequate strategies for care management into clinical medicine and public health practice. In this study, we employ activity limitation stages in our evaluation of IADLs. 5 Previous work has shown that higher IADL activity limitation stages, representing greater functional decline, are associated with greater risk for mortality, 6 hosptilization, 7 and admission to a long-term care facility. 8 Healthcare providers, public health practitioners, and policy makers struggle to meet the needs of aging populations with limited resources. As people age, they need additional care that ideally incorporates their preferences, personal characteristics, and their prognosis for functioning over their life course. Prediction models can identify risk and protective factors to inform resource allocation. Population-based public health or clinical programs can be developed and implemented to maintain functioning and prevent deterioration among older adults. Furthermore, knowledge of one's projected ability to function independently can help persons and their support networks plan and cope with impending life changes. 9 The application of a risk scoring system can enhance the assessment of patient prognoses and may have particular application for legislation such as the Improving Medicare Post-Acute Care Transformation Act of 2014. This act requires reporting of standardized patient assessment data with regard to quality measures. With the projected availability of a greater level of detail regarding transitions in care, our predictive models may be able to yield more specified results pertaining to the types and frequency of institutionalization as well as community discharge. Furthermore, improved standardization may enhance the accuracy and precision of predictive model findings. The Affordable Care Act of 2010 proposed broad reaching systemic changes. Although findings related to the impact of this act are conflicting and inconclusive, 10 some evidence suggests that Medicare beneficiaries may have experienced reduced inpatient costs and increased access to preventative care, 11, 12 potentially reducing overall burden of morbidity, mortality, and delaying institutionalization. These overall changes make the application of predictive models for transitional and health outcomes even more important in understanding and addressing disparities in care provision that may persist.
This study aimed to identify risk and protective factors and create a scoring system predicting risk for functional deterioration as assessed by IADL stage transition, institutionalization, and mortality for 2 yrs of follow-up among Medicare beneficiaries. A risk scoring system was developed using IADL activity limitation stages, using the Medicare Current Beneficiary Survey (MCBS), for discrimination between four outcomes (stable or improved function combined, functional deterioration, institutionalization, and mortality) assessed for 2 yrs of follow-up. Previous work has examined factors associated with ADL and IADL activity limitation stages, which specify the type and severity of activity limitation. 8 In addition, we have assessed a risk scoring system for functional deterioration using ADL activity limitation stages in previous work. 13 No known work has examined and developed a risk scoring system for functional deterioration using IADL activity limitation stages. Instrumental activities of daily living are more complex than ADLs and may be the first indication of decline. This predictive system for risk of functional decline in IADLs can help inform care provision, public health initiatives, and policy makers in supporting the healthy aging of older adults.
METHODS

Medicare Current Beneficiary Survey
The Centers for Medicare and Medicaid Services conducts interviews (sample persons or proxy) among a sample of Medicare beneficiaries. Oversampling of people 80 yrs and older is conducted to ensure an adequate sample size of this age group. Participants are assessed beginning on January 1 (after the fall interview) and ending at 2 yrs of follow-up assessed by interviews with either sample persons or proxies. Proxies were used for many reasons including hospitalization, institutionalization, language barriers, lack of mental or physical capability, or unavailability of sample persons. Study design details are provided in previous work. 14 The MCBS is a panel study in which a new group is enrolled every year.
Sample
The sample was drawn from participants in the 2001-2008 MCBS. In all, 30,356 community-dwelling adults 65 yrs and older were examined for 2 yrs by MCBS interviewers assessing their demographic characteristics and health status. Data used in this analysis were obtained from two time points (baseline and at 2 yrs after entry into the survey). Missing data were addressed by using list-wise deletion. Beneficiaries lost to follow-up for 2 yrs of study observation were also excluded (n = 6882, 18.5%). As a result, our final analysis included 21,257 beneficiaries. The survey sampling weights were adjusted to remove the risk of nonresponse bias. 15 Written informed consent was obtained. The institutional review board of the University of Pennsylvania approved this study. This study conforms to all STROBE guidelines and reports the required information accordingly (see Checklist, Supplemental Digital Content 1, http://links.lww.com/PHM/A599).
Stage Transitions
Four-stage transition categories were the primary outcomes: remained stable or improved in IADL stage, deteriorated to a higher IADL stage, was institutionalized, or died at 2 yrs of follow-up. Activity of daily living limitation stages were created to delineate clinically relevant patterns of greater difficulty with activities and to signify the severity and types of activity limitations. Activity of daily living limitation stages were constructed from question responses about IADLs including usage of the telephone, shopping, preparing food, housekeeping, doing laundry, and handling finances. In MCBS interviews, respondents were asked in relation to each IADL item, "Because of a health condition, do you (or does the person you are answering for) have difficulty with…?" In all, there are 5 categories: stage 0 (no limitation), stage I (mild limitation), stage II (moderate limitation), stage III (severe limitation), and stage IV (complete limitation). Greater reduction in functioning is associated with higher stage numbers. Stage III, a nonfitting stage, was constructed to account for limitation patterns that are atypical of the hierarchy. Higher activity limitation stages correspond to greater functional limitations. A person who was able to perform a complex activity but not a simple one would be atypical and be categorized in stage III. Activity of daily living limitation stages were assessed at baseline and at 2 yrs of follow-up. As in previous work, 16 no change, a decrease to a lower stage of IADL limitation, or an increase to a higher stage of IADL limitation comparing assessments at baseline and at 2 yrs were categorized as stable/improved or functional deterioration. Development of IADL activity limitation stages has been discussed in previous work. 5 Beneficiaries were classified as institutionalized if the MCBS Key Record file indicated that they were interviewed in a facility at 2 yrs of follow-up in the MCBS. The National Death Index was connected with MCBS data by study researchers to assess the outcome of mortality.
Covariates
Covariates were selected based on their known relationship with functional deterioration, institutionalization, and mortality. They were grouped into categories (sociodemographics, health conditions, impairments, perceived facilitators to receiving health care, perceived barriers to receiving health care, and function) based on previous work. Sociodemographic characteristics assessed were age groups (65-74, 75-84, or ≥85 yrs), sex (male, female), and race (non-Hispanic white, non-Hispanic black, Hispanic, or other). Educational attainment was assessed by graduation from high school or greater or less than a high school education as in previous research. Living arrangement was categorized as lives with spouse, lives with children, lives with others, lives alone, or lives in a retirement community. Participants were asked to select the category that most accurately represented their living arrangement. Insurance coverage was evaluated based on dual eligibility (Medicare and Medicaid dual enrollee) or Medicare only. A measure of proxy use or self-respondent was recorded.
Medical conditions examined consisted of co-morbidities or impairments that the respondent indicated had occurred within the past year and had been diagnosed by a physician. Medical conditions correspond to 9th revision of the International Statistical Classification of Diseases and Related Health Problems diagnosis codes. These medical conditions included emphysema/asthma/chronic obstructive pulmonary disease, hypertension, mental/psychiatric disorder, Alzheimer disease/dementia, angina pectoris or coronary artery disease, complete or partial paralysis, diabetes type 1 or 2/high blood sugar (based on fasting glucose at two time points), myocardial infarction, other heart condition, Parkinson disease, and stroke/brain hemorrhage. Impairments assessed were severe hearing impairment/deaf and severe vision impairment/no usable vision.
Barriers to and facilitators of receiving health care were also examined. Two questions measured the respondent's satisfaction with ease/convenience and out-of-pocket costs and three questions assessed respondent's satisfaction with care coordination and quality of overall care, information given, and care provider's concern for overall health. A Likert scale was used for responses to these questions with scores ranging from 1 to 4 (satisfied to very unsatisfied). 17 Respondents were also asked if they had a usual source of care, such as a specific place where they usually obtained medical care.
Financial barriers to the receipt of health care were assessed through two questions. In the first question, respondents were first asked if they had trouble getting health care in the past year. If the respondents gave a positive response, then they were asked the reason for having trouble. If the reason given indicated financial difficulty (not enough money, cost too high, service/supplies not covered, or not eligible for public coverage), it was coded as a barrier because of financial reasons. The second question asked if medical care had been delayed in the previous year as a result of cost. If respondents indicated financial difficulties in getting health care or delays in getting health care due to cost, beneficiaries were coded as having trouble due to financial reasons. Transportation difficulties were recorded if the respondent indicated having experienced transportation barriers. Functioning was examined by the interviewer obtaining baseline IADL activity limitation stages as specified previously in the stage transitions section. The MCBS Access to Care files were used to obtain all covariates.
Model Development
The derivation cohort was derived by randomly selecting 60% of the Medicare beneficiary sample (n = 12,758) to develop a prediction score system. The remaining 40% of the sample (n = 8506) served as the validation cohort. The following five steps generated a multinomial logistic regression model for activity limitation stage transition: (1) identification and categorization of covariates based on previous findings showing an association with stage transition 18 ; (2) the use of χ 2 tests to examine the association of covariates to stage transition in the derivation cohort; (3) estimation of a parsimonious model within the derivation cohort; (4) creation of a pointscoring system in the derivation cohort; and (5) validation of the model and development of a point scoring system in the validation cohort. The point scoring system was validated by using the R 2 to validate the model fit of the validation cohort and show the prediction probability of both derivation and validation cohorts. In step 3, potential predictors were entered into a multinomial logistic regression model if P values are less than 0.20 for stage transition in step 2. After this, stepwise backward selection was employed to construct a final parsimonious model with all predictive variables achieving conventional levels of statistical significance at P values are less than 0.05.
The scoring system was derived from regression results by assigning points to each predictor by dividing each β coefficient in the final logistic regression models by the lowest significant β coefficient, and then rounding up to the nearest integer. If individual β coefficients for categorical variables were nonsignificant, but the variable was significant overall, a value of "0" was assigned. For each level of the outcome (functional deterioration, institutionalization, or mortality), a risk score was determined by adding up the points for all risk factors as indicated for each individual Medicare beneficiary. Based on these risk scores, beneficiaries were divided into quartiles. Quartiles were used because of their utility for the development of a clinical scoring system. They were obtained by dividing summed scores.
Goodness-of-fit of the model was assessed by R 2 . Our analyses produced R 2 , which can be interpreted as the amount of information gained when including the predictors in the model in comparison with the unadjusted model. We obtained derivation and validation cohorts by using six pairwise c-statistics and the M-index (average of the 6 c-statistics). A pairwise c-statistic is defined as the probability of correctly discriminating between two cases from different categories that have been selected randomly. A sensitivity analysis was conducted by comparing models stratified by sex and proxy use as well as comparing baseline characteristics of persons who were lost to follow-up and those who were not. Statistical analyses were conducted using SAS 9.4 (SAS Institute, Inc). 
RESULTS
In all, 83.6% of Medicare beneficiaries were 65 yrs and older between 2001 and 2008, 43.2% were male, 82.7% were non-Hispanic white, 74.1% had a high school diploma or higher, 54.8% lived with a spouse, 10.6% were dual eligible for Medicare and Medicaid, and 5.7% used a proxy. Characteristics of Medicare beneficiaries in the derivation and validation cohorts were similar (Table 1) . Missing data (7.3%) on covariates in the model included demographic characteristics (race, education), proxy usage, satisfaction with care, usual source of care, perceived financial barriers to the receipt of health care, and baseline IADL stage. At 2 yrs of follow-up in the derivation cohort, 75.1% of beneficiaries remained stable or had improved function in their IADL activity limitation stage, 15.0% had functional deterioration, 1.9% were institutionalized, and 8.0% had died.
In the unadjusted analysis, candidate variables with P values of less than 0.20 were included in the preliminary regression model. These variables were included in an initial evaluation of the multinomial logistic regression model. Variables found to be predictive of all outcomes (functional deterioration, institutionalization, and mortality) were advanced age, sex, dual eligibility for Medicare and Medicaid, diabetes/high blood sugar, Alzheimer/dementia, Parkinson disease, and IADL activity limitation stage I. Hispanic and non-Hispanic black, living alone, in a retirement community or with others, lack of satisfaction with information given, and stroke/brain hemorrhage were predictive of institutionalization and mortality. Less than a high school education, living with children, using a proxy respondent, lack of satisfaction with ease/convenience of access to care, myocardial infarction/heart attack, chronic obstructive pulmonary disease, and IADL activity limitation stage II were predictive of functional deterioration and mortality (Table 2) . Summed scores corresponded to the likelihood of adverse outcomes occurring. By adding points, a risk score can be obtained based on the likelihood of adverse outcomes (Table 3 ). In the derivation cohort, the likelihood of functional deterioration ranged from 6.27% to 33.51%, likelihood of institutionalization from 0.07% to 12.13%, and risk of mortality from 2.13% to 31.83%, in comparison with stable or improved function. Please see Table 4 for the rate prediction by sum score quartiles.
R 2 values generated from multinomial logistic regression were 0.2073 and 0.1912 in the derivation and validation cohorts, respectively. These indicated the prediction models demonstrated adequate fit. In the derivation cohort, the following 6 c-statistics were derived: 0.684, 0.862, 0.798, 0.729, 0.713, and 0.599. These statistics assessed six comparisons, which evaluated discrimination between no change and functional deterioration, no change and institutionalization, no change and mortality, functional deterioration and institutionalization, functional deterioration and mortality, and institutionalization and mortality. The M-index calculated was 0.731. In the validation cohort, c-statistics were 0.682, 0.848, 0.774, 0.745, 0.682, and 0.570 for the 6 comparisons described previously. The M-index was 0.717. C-statistics and the M-index indicated discrimination between outcomes in the model. In evaluating sensitivity, our model was stratified by sex and coefficients within each sex stratum were similar. When stratified by proxy use or no proxy use, the models had similar coefficients. Baseline characteristics did not significantly differ between those who were lost to follow-up and those who were not.
DISCUSSION
In this work, MCBS data were used to identify predictors of functional deterioration, institutionalization, and mortality for 2 yrs of follow-up among elderly Medicare beneficiaries. The estimation of predictors and a clinically applicable scoring system for assessing risk was developed and validated using a The examination of demographic characteristics in relation to functioning, institutionalization, and/or mortality has been the subject of many studies. Previous research shows that older age is linked with worse health and that women experience more chronic illness and greater longevity than men. 19 Higher proportions of persons from minority groups have been reported to have disabilities in comparison with nonminority groups. 20 Lower levels of education increase risk for worse health due to influences on individual, neighborhood, and macro level factors such as resource availability, neighborhood environment, and social policy. 21 Persons needing home health care often experience greater disease burden and the presence of additional persons in the home may be indicative of both compromised health status as well as fewer resources. 22 Beneficiaries who are dual eligible are generally older, have disabilities, have lower income, have more chronic conditions, and account for more spending than nondual eligible beneficiaries. 23 Use of a proxy is a risk factor for poor health outcomes, because it is often a surrogate for severe medical illness. 24 Thus, our findings that older age, males, Hispanics, non-Hispanic blacks, lower educational attainment, needing assistance in the home, dual eligibility, living with persons other than a spouse, and use of a proxy were associated with functional deterioration, institutionalization, and/or mortality are consistent with the literature. Based on these demographic characteristics, healthcare providers can employ preventive interventions to focus treatment accordingly, incorporating support systems, and planning for projected life changes.
Some medical co-morbidities were identified as risk factors for functional deterioration, institutionalization, or mortality in our prediction assessment. Our findings are consistent with previous investigations and assessments of the burden of disease. According to the recent data from the Centers for Disease Control and Prevention, heart disease, chronic lower respiratory diseases, stroke (cerebrovascular disease), Alzheimer disease, and diabetes are leading causes of mortality in the United States. 25 In other work, Parkinson disease has been found to be associated with functional deterioration and institutionalization. 26 The link between poor mental health and mortality has been documented in the literature with depression being an indicator of poor functional health and reduced longevity. 27 We found that hearing impairment and unusable vision/vision impairment separately were risk factors for functional deterioration. Both of these impairments have been linked to worse health outcomes in previous work. 28 These types of impairments may require additional assistance and inhibit independent living because of difficulty in caring for one's self.
Our findings build on previous work showing that demographic and clinical characteristics can predict functional decline as assessed by ADL activity limitation stage transitions. 13 This is the first study to examine predictors of IADL stage transitions and to establish a corresponding risk scoring system for use in clinical practice. Instrumental activities of daily living play an important role in independent community 3. Add the points associated with each predictor to obtain a sum score for the relevant scoring system. 4. In the sum score box in Table 4 , circle the sum scores to determine the person's risk group and the average likelihood of functional deterioration, institutionalization, and mortality. living because they assess an individual's ability to manage finances, go shopping, and carry out other important aspects of daily life. Instrumental activities of daily living stage transitions show a similar relationship to ADL stage transitions in relation to predictive factors, 13 suggesting that these assessments of functioning may share common characteristics as well as prognostic purposes. However, there are several differences in the prognosis of IADL and ADL stage transition deterioration that are worthy of attention. For instance, persons experiencing a myocardial infarction/heart attack are at increased risk for functional deterioration as assessed in IADL stage transitions but not in ADL stage transitions. Instrumental activities of daily living stage transitions are considered to be more complex requiring greater environmental interaction than ADLs. Thus, for persons experiencing a heart attack, particular attention should be focused on decline in IADL functioning. In addition, higher baseline IADL activity limitation stage was a strong predictor for functional deterioration as assessed by IADL activity limitation stage. Instrumental activities of daily living stage decline may be an important marker for increased risk of nursing home admission and reduced survival for 2 yrs. Risk for poor outcomes should be evaluated not only by ADL activity limitation stage transitions but also by IADL activity limitation stage transitions. Providers should be aware of and alerted to care that can prevent deterioration as measured by IADL activity limitation stage transition. Persons identified at risk of poor outcomes may warrant advanced planning incorporating goals, values, and priorities for appropriate care management.
Scores can be assigned to patients to predict adverse outcomes based on demographic and clinical characteristics. A risk score can be obtained by adding points to obtain a likelihood of occurrence of each adverse outcome (Table 3 ). This risk score allows for the cumulative evaluation of risk based on a scoring system, facilitating ease of care provision. Risk scores can alert clinicians to patients at risk for functional deterioration, institutionalization, and mortality. Identifying factors that predict functional deterioration, institutionalization, and mortality for 2 yrs of follow-up can aid healthcare providers, patients, caregivers, and policy makers in targeting resources and care provision to prevent poor outcomes and foster healthy aging. Evaluating risk levels for beneficiaries will inform priorities to most effectively promote longer healthy living. Institutionalization, established as a critical indicator of functional decline, 29 may be a particularly important outcome to address through interventions incorporating risk scoring systems. Systemic constraints require further assessment and evaluation for feasible implementation of the proposed risk scoring system. Implementation of the risk scoring system would involve enhancing and potentially modifying current electronic medical record systems and data collection from patients. Such a system could incorporate calculations to avoid additional burden on clinicians. The predictors evaluated in this study are easily extracted from existing data structures and can be used to predict functional deterioration, institutionalization, and mortality. Our findings are relevant and generalizable to community-dwelling Medicare recipients 65 yrs and older.
Study limitations are worth noting. Some IADL activity limitation stages were obtained from proxy responses and may have lacked accuracy in reflecting with which activities the sample person experienced difficulty. Recall bias may have occurred as survey questions asked the respondent to recall events that occurred within the past year. Proxies were included despite their potential to answer questions differently than beneficiaries themselves. However, bias may result if proxy responses are excluded. 30 Many respondents were lost to follow-up, and the unknown outcomes of these individuals may have influenced the final results. Nevertheless, a sensitivity analysis by proxy respondents and losses to follow-up indicated that excluding proxy from the model had little effect on model coefficients. Baseline characteristics did not significantly differ between those who were lost to followup and those who were not. Although we sought to examine all relevant factors in our analysis, some variables of potential significance were not measured in the MCBS and thus were not included in this work (e.g., self-advocacy, social cohesion, and capital). Our results are relevant to our selected sample, Medicare beneficiaries 65 and older, and may not be relevant to other populations. Lastly, our study was conducted using data from 2001 to 2008. Since this time, substantial systemic changes such as the modification of payment systems, performance models, and quality measures in post-acute care have been proposed. Thus, interpretation and implications from our findings must be interpreted within the context of a healthcare system, which continues to experience ongoing reform and transformation. More specifically, Improving Medicare Post-Acute Care Transformation Act of 2014 requires reporting of standardized patient assessment data with regard to quality measures. The Centers for Medicare and Medicaid Services recently reported that they, with the RAND Corporation, have been contracted to develop standardized assessmentbased data elements to meet the requirements of the act. The creation of standardized quality measures will facilitate improved accuracy for reporting and measurement of how predictors influence outcomes among Medicare beneficiaries. In addition, the Affordable Care Act of 2010 proposed broad reaching systemic changes with some evidence indicating that it may have reduced inpatient costs and increased access to preventative care for Medicare beneficiares. 11, 12 However, the little available evidence conclusively indicates that this act has or will differentially impact any predictors in our model. Thus, it is unlikely that the predictive value of our model would be influenced.
CONCLUSIONS
Our risk scoring system predicting functional deterioration, institutionalization, and mortality was validated in a population of elderly Medicare beneficiaries and may play an important role in shaping care provision and planning for this population. Future work is needed to validate this model and evaluate its efficacy in clinical settings. Public health practice, clinical care provision, and policy formulation can incorporate identified risk and protective factors to tailor and target services to most effectively promote healthy aging.
